Background: Simply answering questions about a specific behavior may change that behavior.
Introduction
Measuring health-related behavior and/or related cognitions may change the behavior under investigation. This has been called the mere measurement effect (Morwitz, Johnson, & Schmittlein, 1993; Sherman, 1980) or, more recently, the "question-behavior effect (QBE)" (Ayres et al., 2013; Godin, Bélanger-Gravel, Vézina-Im, Amireault, & Bilodeau, 2012) . The QBE has been reported for different types of behavior including consumer and voting behavior (Chapman, 2001; Morwitz & Fitzsimons, 2004; Spangenberg, Sprott, Grohmann, & Smith, 2003) .
More recently, several studies have examined the QBE on health behaviors such as physical activity, blood donation and cervical screening (Godin, Sheeran, Conner, & Germain, 2008; Sandberg & Conner, 2009; Spence, Burgess, Rodgers, & Murray, 2009 ). However, evidence for the QBE is not consistent across studies. For example, whilst some studies have shown that answering questions about safe sex behaviors affects subsequently measured safe sex behaviors (Knaus, Pinkleton, & Weintraub Austin, 2000) , other studies have not found such effects (Kvalem, Sundet, Rivø, Eilertsen, & Bakketeig, 1996) .
Investigation of the QBE on health-related behaviors is important for research as well as for evidence-based practice in healthcare . The positive implications of the QBE on behavior for healthcare practice is that many forms of measurement, such as self-report questionnaires, are inexpensive and could be distributed widely. If their completion is found to lead to desirable changes in behavior, then distributing questionnaires could potentially be a viable and cost effective public health intervention. The implications for healthcare research are more challenging. In intervention trials, baseline assessment may affect behavior in a similar way as effective interventions affect behavior. For example, baseline questions about alcohol consumption may increase awareness and subsequently reduce instances of binge drinking because participants may realize that their alcohol intake is excessive through their interaction with a questionnaire. Therefore, in trials where an intervention designed to reduce drinking behavior is tested against a control condition, baseline assessment may mask or reduce observed intervention effects (McCambridge & Kypri, 2011) . Moreover, in some trials, individuals allocated to an intervention group could receive different forms of measurement in order to tailor intervention components to participants. In this case, it may be difficult to disentangle measurement and intervention effects.
The QBE can also limit the external validity of a trial. For example, baseline measurement may stimulate a participant to deliberate about behavior increasing their motivation to engage with the intervention. To better understand the potential interaction between baseline measurement and intervention effects, more sophisticated factorial trial designs are useful, such as the Solomon fourgroup design. In this design participants are allocated to receive baseline measurement or not to receive baseline measurement, and to receive the intervention or not to receive the intervention (McCambridge, Butor-Bhavsar, Witton, & Elbourne, 2011) .
The primary aim of this systematic review was to assess the effect of measurement by asking questions about health-related behaviors on subsequent behavior. This was supplemented by subgroup analyses which examined whether there were differences in effects between studies characterized by lower risk of bias and those with higher risk of bias. This review also explored a possible dose-response relationship in the QBE and explored several possible moderators of effects:
features of participants (student vs. other samples), interventions (type of measurement: questions about behavior and/or questions about cognitions; format of measurement: questionnaire vs. interview) and outcomes (type of behavior; objective vs. self-reported).
Methods
The protocol for this review was published in advance of the work commencing in the PROSPERO database (record number: CRD42011001467) (Hobbs, Rodrigues, Sniehotta, French, & Glidewell, 2011) .
Inclusion criteria
Trials randomly allocating participants to measurement or no measurement control conditions or trials where groups were randomly allocated to different forms of measurement (i.e. differences in length or content of measures) were included in this review. Studies were eligible for inclusion if they reported health-related behavior as outcomes, defined as behavior judged to reduce the risk or severity of diseases or promote health including preparatory behaviors, such as buying condoms or food (Marteau et al., 2010) . Studies that only reported predictors of behavior (e.g., intention or selfefficacy) as outcomes were excluded. The measurement condition could include assessments of cognitions, behavior, or cognitions and behavior by questionnaire (paper and pencil or online) or interview. Studies that used objective forms of measurement as interventions (e.g. pedometers, blood pressure monitors) were not eligible for inclusion. We included studies with any length of follow-up that reported either objectively assessed or self-reported health-related behaviors.
Search Strategy
The following electronic databases were searched from the earliest available date to December 2012: MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE and PsycINFO. ERIC database was searched until March 2011 (see Appendix 1). An iterative process was used to develop a sensitive and specific search strategy with guidance from an information specialist. The search included studies providing an English language title and abstract. Publications in any language were eligible for inclusion. Reference lists of included studies were reviewed for additional eligible studies and key authors in the research field were invited to provide any additional published literature that fulfilled the inclusion criteria.
Study Selection and Data Extraction
Two reviewers (AR and NH) independently screened all titles and abstracts to identify eligible studies. There was 100% agreement between the reviewers regarding which papers to retrieve for full text examination. Full texts were retrieved for 63 papers and the two reviewers independently assessed each study for eligibility based on the inclusion and exclusion criteria (kappa = 0.73). For five papers, the reviewers could not decide on inclusion and consensus was reached in discussion with a third reviewer (FFS). Data from each study were extracted independently by two reviewers (AR and NH) into a data extraction form developed for this review. One reviewer (AR) entered data into RevMan Software (version 5.0) (Review Manager, 2011) and another reviewer (NH) independently verified entries. In cases where statistical data were missing, the authors were contacted and asked to make this data available to facilitate calculation of effect sizes.
Assessment of Risk of Bias and Critical Appraisal
Risk of bias was appraised using the Cochrane collaboration tool (Higgins & Green, 2011) . For each of eight criteria (adequate sequence generation, allocation concealment, blinding (participants, personnel and assessors), incomplete outcome data addressed, free of selective outcome reporting, free of other bias) studies were categorized as low, unclear or high risk of bias, scoring 0, 1 or 2
respectively. An overall score between 0 and 16 was computed, where higher scores indicate higher risk of bias. For postal/online studies where no information was available about allocation concealment, studies were classified as 'low risk of bias' for those criteria. When information about blinding was not available and studies included an automated or online outcome assessment (including self-report), studies were classified as 'low risk of bias'. Risk of bias was assessed by two reviewers independently (AR and NH) resulting in very good overall agreement of kappa = 0.92 aggregated over all eight criteria.
Analytic strategy
Odds ratios (ORs) or standardized mean differences (SMDs) with 95% confidence intervals (CI) were calculated for all included studies, with the exception of two studies for which data were not available. Results from comparable studies were pooled using a random effects model (inversevariance approach based on weighted odds ratios and weighted SMDs, calculated by RevMan version 5.0 software (2011). Dichotomous and continuous outcomes were merged using Comprehensive Meta Analysis software version 2 (Borenstein, Hedges, Higgins, & Rothstein, 2005) to produce SMD for all included studies. SMDs were used in all reported analyses, which are equivalent to Cohen's d. For behavioral outcomes with more than one time point assessed, data reported at the first follow-up time point was used for meta-analyses. Where studies reported multiple behaviors as outcomes, the data were merged and the pooled effect was used for the main meta-analyses. Effect sizes for all outcomes were calculated. Heterogeneity across studies was assessed using Cochrane's Q statistic and I 2 test statistic to quantify the effect of heterogeneity (Higgins & Green, 2011) and I 2 confidence intervals as suggested by Higgins and Thompson (2002) .
The main comparison performed was measurement vs. no measurement conditions. Subgroup analyses were conducted to examine whether there were differences in effects on the basis of risk of bias. Studies were grouped into 'higher' and 'lower' risk of bias studies using a median cut-off split (Median = 3) of overall risk of bias score. A secondary comparison was conducted to identify a dose-response relationship comparing the most intensive measurement conditions with the least intensive measurement conditions (i.e. frequency/duration of assessment).
Subgroup analyses were also performed for the following pre-specified factors: features of participants (student vs. other samples), interventions (type of measurement: questions about behavior and/or questions about cognitions 1 ; format of measurement: questionnaire vs. interview) and outcomes (type of behavior; objective vs. self-reported). The Cochran Q statistic was used to detect sources of heterogeneity in the subgroup analyses, and when a study had more than two conditions and a significant subgroup difference was observed, Z tests were used to determine between which groups the difference existed.
Publication bias was examined by plotting the inverse of the standard errors of effect estimates using 'funnel plots' to explore symmetry. These were assessed visually to see if the effect decreased with increasing sample size and there was evidence of considerable asymmetry. Egger's regression test (Higgins & Green, 2011) was used to formally test for the presence of publication bias.
This report follows the PRISMA guidance for reporting systematic reviews (Moher, Liberati, Tetzlaff, & Altman, 2009 ).
RESULTS

Description of included studies
Thirty-eight papers reporting 41 studies met the inclusion criteria. The paper by Conner, Godin, Norman, and Sheeran (2011) reported two studies and Levav and Fitzsimons' (2006) paper reported three studies. From the 41 studies, 33 were included in the main meta-analysis, five other studies were compared in the most intensive versus least intensive measurement meta-analysis and the remaining three studies were included narratively. Figure 1 shows the flow diagram of the study inclusion and exclusion, providing reasons for exclusion 2 . The characteristics of included studies are displayed in Table 1 .
[Insert Figure 1 and Table 1 here]
Participants
The review represents a total of 71,362 participants (Range: 31 -7,008). Seventeen of the included studies involved student samples, with 16 studies including university students and one study with high school students. Fifteen studies took place in healthcare settings; three studies recruited in emergency departments, one in a treatment center for alcohol, one in a center for drug abuse, two in hospitals, three in blood donation agencies, and one in a central agency for cervical screening.
Seven studies were conducted within community settings. One study included both community and university samples, and one study recruited participants in a health club.
Measurement manipulations
Of the 41 studies in total, the majority (n=33) utilized questionnaires as the format of measurement, whilst seven used interviews and one used both questionnaires and interviews. In 14 studies, the measurement condition involved questions about the behavior under investigation. In 12 studies, the measurement condition involved questions about cognitions towards the health-related behavior.
In the remaining 15 studies, the measurement condition consisted of questions about both behavior and related cognitions. For those studies assessing cognitions, ten used constructs abstracted from the Theory of Planned Behavior.
Outcomes: health-related behaviors
Outcomes included alcohol consumption (n=10) , physical activity (n=5), sex-related behaviors (n=5), blood donation (n= 4), cancer screening attendance (n=4), choice of low or high fat snacks (n=2), dental flossing (n=2), attendance for a health assessment (n=2), uptake of a health plan (n=1), health club attendance (n=1), participation in chlamydia screening (n=1), vaccination uptake (n=1), medication adherence (n=1), and hand washing (n=1). One study assessed and reported multiple behaviors as outcomes, including fruit and vegetable consumption, alcohol consumption and physical activity frequency (Kypri & McAnally, 2005) . The majority of studies reported selfreported outcomes (n=29) whilst 12 studies reported objectively assessed outcomes. Outcomes were reported both as a dichotomous measures (n=19) and continuous measures (n=22).
Risk of bias Table 1 shows risk of bias scores for each included study in this review. Overall there was considerable risk of bias. Eighteen studies reported adequate random sequence allocation of participants to conditions. Twenty-one studies were considered to have utilized appropriate procedures for allocation concealment. Thirty studies stated numbers and reasons for participant dropout or used adequate methods to deal with incomplete outcome data. Six studies had considerable risk of attrition bias. Reporting bias was not a risk for 29 studies, but was considered to be a problem for 12 studies. Nineteen studies stated that participants were blinded to their allocation. Twenty-four studies reported effective blinding procedures for outcome assessors and 21 studies for intervention providers. It was unclear whether 'other' risk of bias was present in four studies due to missing baseline information about groups/participants (n=2) or information about how the outcome measure was computed (n=2). Only one study (Moreira & Foxcroft, 2008 ) was pre-registered on a public database, a key requirement of the CONSORT guidance (Schulz, Altman, & Moher, 2010) .
[ Two additional studies did not provide sufficient information for meta-analysis. No significant difference was identified between participants randomized to measurement or no measurement conditions in these studies (Knaus & Austin, 1999; Knaus, et al., 2000) .
Long term effects (k= 4)
In addition to the Moreira et al (2012) study which only assessed relevant outcomes at 12 months and was entered in the main meta-analysis, three further studies reported additional outcomes at 12 months. In line with Moreira et al (2012) , Carey et al. (2006) , Godin et al. (2010) and Kvalem et al. (1996) did not find QBE at 12 months. Only Godin et al. (2008) found a sustained significant QBE at 12 months (SMD=0.08, 95% CI = 0.02, 0.14; n= 6835).
Publication bias
Egger's regression test shows that there was significant evidence of publication bias (p=0.01; illustrated in Figure 2 ). Under the assumption of a normal distribution of effect sizes, there was evidence that studies with smaller or no effects were less likely to be published.
Subgroup analysis by risk of bias of trials
There was no evidence that effects were moderated by risk of bias. There was a significant effect in favor of the measurement condition for studies with a lower risk of bias (SMD=0.10, 95% CI=0.06 to 0.14; I 2 =39%, 95% CI= 0.0%, 66.2%; k= 16; n= 32908) and a non-significant effect for studies with a higher risk of bias (SMD=0.07, 95% CI=-0.03 to 0.17; I 2 =48%, 95% CI= 8.0%, 70.3%; k= 17; n= 4660). Q-test shows that there were no significant differences between subgroups (Q=0.35, p=.55) by risk of bias.
Comparison of most intensive versus least intensive measurement (k=5)
Meta-analysis of five trials comparing conditions with different intensity of measurement did not find a difference between the most intensive measurement conditions (e.g. brief screening plus full assessment; repeated assessments points) and the least intensive measurement conditions on healthrelated behaviors (SMD= 0.02, 95% CI=-0.28; 0.33; n= 1262). Statistical heterogeneity was high with an I 2 of 84% and a Q of 25.14 (95% CI= 64.1%, 92.9%; df=4, p<0.001).
Possible moderators of the QBE
Type of participants
Subgroup analysis comparing student and non-student samples showed small significant QBEs in both, student samples (SMD = 0.17, 95% CI = 0.01, 0.32) and non-student samples (SMD = 0.07, 95% CI = 0.04, 0.11). The difference was not significant between subgroups (Q=1.38, p=.24) (Table 3) .
[Insert Table 2 here] 2. Interventions: content of measurement Subgroup analysis showed no significant effect in favor of measurement condition when only behavior was measured (SMD = 0.11, 95% CI = -0.09, 0.30); a small significant effect when only cognitions were measured (SMD = 0.10, 95% CI = 0.05, 0.15); and no significant effect when both behavior and cognitions were measured (SMD = 0.05, 95% CI = -0.04, 0.14) ( Table 2 ). No significant difference between subgroups was identified (Q=1.19, p=.55).
Interventions: measurement of attitudes
Subgroup analysis showed no differences (Q=0.00, p=.98) between measurement conditions when attitudes were measured (SMD = 0.09, 95% CI = 0.05, 0.13) and when no attitudes were measured (SMD = 0.09, 95% CI = 0.01, 0.18) with both subgroups showing significant QBEs on healthrelated outcomes (Table 2 ).
Interventions: format of measurement
A small significant effect in favor of the measurement condition was identified when using questionnaires (SMD = 0.10, 95% CI = 0.05, 0.15) but not when using interviews (SMD = 0.03, 95% CI = -0.06, 0.12); however, no significant difference between subgroups was identified (Q=2.02, p=.15) ( Table 2 ). An additional study that tested the effect of using a questionnaire and an interview separately and thus could not be meta-analyzed as it was not comparable to other studies, (Kalichman, Kelly, & Stevenson, 1997) found no difference between these two modes of assessment on sexual behavior (OR = -0.10, 95% CI = -0.79, 0.59).
Outcomes: type of health-related behavior
For dental flossing behavior, a significant medium size effect was found in favor of the (Table 2 ).
There were no differences between subgroups (Q=0.14, p=.71).
DISCUSSION
This is the first systematic review with meta-analysis synthesizing evidence for the effects of completing measures by questionnaire and interview on health-related behaviors. Previous reviews with more optimistic conclusions were not systematic and did not focus on health-related behaviour (Dholakia, 2010; Sprott, Spangenberg, Knuff, & Devezer, 2006) . A recent review on the Hawthorne effect (McCambridge, Witton, & Elbourne, 2014) showed that there is some evidence for participants being aware that they are being studied for the behaviors being investigated, but it did not focus on measurement specifically.
We found evidence of a typically small but significant QBE on health-related behaviors with moderate levels of heterogeneity of effects. Studies comparing more with less intensive measurement conditions did not suggest dose-response relationships. Subgroup analyses were conducted to identify potential moderators of effects. There were no significant differences in QBE by behavior, but QBE effects for dental flossing, physical activity and screening attendance were significantly different from zero. These findings were not altered in studies where students or other samples were studied; cognitions, behavior or both were measured; attitudes were measured or not measured; questionnaires or interviews were used; or outcomes were taken objectively or as selfreports. After the completion of this review, a new trial was published comparing five different measurement conditions (intention only, interrogative intention, intention plus moral norm, intention plus regret and intention plus self-positive image) and one implementation intention intervention with a no intervention control condition (Godin, Germain, Conner, Delage, & Sheeran, 2013b) . The comparison between the five measurement conditions and the control condition yielded an aggregated small effect size of 0.16 (95% CI = 0.09, 0.23). This effect is slightly higher that the main effect size found in the present meta-analysis.
Three key findings of this review need to be highlighted, which may suggest some caution regarding the evidence for the QBE. Firstly, methodological quality of the included studies was variable and several studies showed considerable risk of bias, in particular due to selective reporting (outcomes which suggest a significant QBE might be more likely to be reported), lack of blinding of participants (knowledge of allocation may affect question elaboration or desirability bias in selfreported outcomes) and incomplete outcome data not appropriately addressed. Only seven of the 33 studies entered in the main meta-analysis explicitly stated conducting intention-to-treat analysis, thus introducing the risk that loss to follow-up in different trial arms might differ in terms of numbers or participant features. Higher effects were found in studies with a greater risk of bias but this difference was not statistically significant. It cannot be ruled out that the already small effects found in this review are inflated through systematic methodological bias in the included trials.
Secondly, there was evidence of publication bias. Randomly allocating participants to varying forms of measurement is an inexpensive addition to a range of study designs and implemented for a range of reasons. It is possible that studies with random measurement allocation are less likely to be reported in the published literature, if the different measurement conditions do not result in differences in behavior (Dwan et al., 2008) . In this case, the small effects found in this review might be an artifact of publication bias. With the exception of one study (Moreira & Foxcroft, 2008) , which was pre-registered and for which a full protocol has been published (and reported subsequently a null finding), none of the trials included in this review were pre-registered. Thus, there are no safeguards to ensure that comparisons, outcomes and analyses were specified a-priori and that the studies achieved the target sample-size that based on an a priori power analysis.
Thirdly, intervention procedures are often insufficiently described and therefore it is difficult to conclude that the measurement conditions in this review were not confounded with other procedures potentially affecting outcomes. For example, it is good practice in survey research to send reminders to those who do not respond to an initial questionnaire (McColl, Jacoby, Thomas, Soutter, & Bamford, 2002) . In question-behavior effect studies, larger response rates are thought to lead to higher reactivity effects as more participants engage with the questions (Spence, et al., 2009) . Three large randomized controlled trials of measurement on blood donation were included in this review (Godin et al., 2010; Godin, et al., 2008; Differences between both reviews are in the aggregation of outcome data between the AUDIT and other measures of consumption and in the exclusion of one trial in this review which did not use a randomized controlled design (Richmond, Heather, Wodak, Kehoe, & Webster, 1995) .
Implications for research and practice
The current evidence base is characterized by variable methodological quality and publication bias.
Despite 41 randomized trials in this review, it is still not clear whether the QBE exists, largely due to it being unclear how many unpublished negative trials exist. In our view, the best way of making progress in this area, we strongly recommend to journals the principle of publishing QBE trials only if study protocols have been pre-registered. There are at least three good reasons for this (Dickersin & Rennie, 2003) . First, estimates of effect sizes based on the results of trials registered in advance are more likely to be free from publication bias. As previously noted, there are good reasons to suspect that publication bias is a particular issue for this area of research, and the results of this review provide empirical support for this suspicion. Second, the non-publication of trials which find null results would be apparent. Third, pre-registration of trials would allow scrutiny of how analyses reported were different from those pre-specified, which would reduce bias introduced through selective reporting of outcomes, and increase transparency when this occurs. It appears that the current practice of publishing studies that have not had protocols pre-registered produces biased estimates of the QBE. There is no reason to think that the continuation of this practice would result in a different outcome: we are likely to end up with a large body of trials with publication bias and selective reporting.
From a theoretical perspective, there is not sufficient evidence to date to allow synthesizing the effects for different theoretical measures and possible mechanisms at this stage. The majority of the studies assessing cognitions used questionnaires abstracted from the Theory of Planned Behavior (Ajzen, 1991) . Studies using 'think aloud' technique (Darker & French, 2009; French, Cooke, McLean, Williams, & Sutton, 2007) have shown that using questionnaires based on the 'Theory of Planned Behavior' can result in participants forming beliefs about topics which they have previously devoted little thought. This may thereby increase the salience of beliefs about specific features or aspects of performing that behavior (Morwitz & Fitzsimons, 2004) . In a similar way, measurement can also form attitudes towards the behavior itself and/or make specific aspects of performing a behavior more accessible, thereby fostering performance (Morwitz & Fitzsimons, 2004) . It is possible that the mere fact of being measured influences the formation of judgments and/or accessibility of these for respondents (Chandon, Morwitz, & Reinartz, 2005) . Research comparing QBEs for different theoretical measures and/or different constructs has been published in recent years (Conner, Godin, Norman, & Sheeran, 2011; Godin, et al., 2008) and it is likely that these comparative trials will enhance our understanding of if, how and when measurement changes behavior. The range of cognitive measures investigated to date has predominantly focused around constructs abstracted from the Theory of Planned Behavior as well as on anticipated regret. Other measures such as identity (van Dongen et al., 2012) , self-image (Godin, Germain, Conner, Delage, & Sheeran, 2013a ) and more emotion-related measures such as worry may deserve additional attention in future research. Effects may also differ due to features of the study population and the period of follow-up (Godin, et al., 2013a) .
Current evidence of small effects with moderate heterogeneity suggests that it might be worthwhile to estimate small increases in control conditions when establishing the required sample size for randomized trials. To date there is no compelling evidence for baseline measurement by intervention interaction effects from Solomon trials (cf. ), suggesting that there might not be a systematic bias in the evidence base about behavior change interventions as a result of baseline measurement in trials.
Implications for practice are more difficult to identify at this stage. The evidence for sending questionnaires to increase behavioral uptake is limited. However, first robust evidence for a QBE has to be accumulated. Second, before the QBE should be used as a behavior change strategy, it has to be shown to not only exist, but also to produce greater changes in behavior than simply sending reminders to perform the behavior.
In summary, this systematic review advances the field by 1) providing a comprehensive synthesis of the evidence; 2) including evidence from various health-related behaviors; 3) providing quantification of effects sizes with moderator analyses; and 4) identifying and critically appraising potential sources of systematic bias. Small QBEs were found with moderate heterogeneity between studies. Future QBE trials should focus on reducing risk of bias and providing detailed description of procedures in each trial arm. Pre-registration of trials is paramount to allow a more precise assessment of measurement reactivity. Records screened for eligibility n=1348
Records excluded n=1285
Full papers retrieved for eligibility n=63
Included studies n= 41 (38 papers) Studies included in meta-analyses n=38 Studies included narratively n=3
Records excluded n=22 Reasons:
No health-related behaviour outcome (n=9) Not an RCT (n=7) Not a measurement intervention (n=6) Additional records from other sources (n=26) Contact with authors (n=19) References from previous systematic reviews (n=7)
Records identified through database searching n=1656
Medline ( Records after de-duplication n=1322
Duplicate records excluded n=334
Records excluded from meta-analysis n=3 Reasons: missing statistics (n=2) no comparable measurement condition (n=1) 
